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ABSTRACT 

Array« of pmttormmncm  valu«« »honng th« change in noi«« 

varianca dua to dagho^tlng indicat« algnifleant aanaitivity to 

both the deghoating method and pre-band pass filtering. Aa a 

apeelfloat ion for alngl« channel deghoating, the apperent re- 

flection coefficient uaed to derive the operator, «hould be 

conetralned auch that the no lie aa^llfloat Ion doea not exceed a 

specified deeign criteria auch aa 1 db.  some typical reaulta 

of auch a teat are 7lven. The apparent reflection coefficient 

ueed to design the echo auppreeeor la obeerved aa highly depen- 

dent on the echo tiM. 

■ 



1.   INTRODirTIOH 

Single channel dcghosting it contidered in th« context of 

a modular approach to processing vertical array data for lignal 

detection and measurement.  The modules consist oft 

(1) pre-aet band pass filter designed to improve detection pro- 

bability of nearly vertical p-waves for • fixed false alarm pro- 

bability (eg 0.02 or expectation of less then one false alar« per 

minute) 

(2) single channel deghosting operator for removal of echo dis- 

tortion 

(3) possible multi-channel wave number-frequency filter, fan 

filter, for estimating the p-pulse and suppressing the ambient and 

signal-coda noise 

(4) in place of (3), possible use of signal correlation criteria 

for detecting and measuring the p-pulse. 

Here, we are confined to evaluating the performance of single 

channel degnosting operators to determine the constraints required 

to prevent the deghosting operatore from degrading the overall 

performance of the system. 

I.        NOISE DATA 

The noise xs obtained from a pseudo random number generating 

function, FORTRAN 63 RANF (-1).  The alogorithm has been tested and 

shown statistically to provide a sequence of random uncorrelated 

numbers.  The sequence will not repeat until millions of samples 

have been called. The pseudo random numberr. are averaged nine times 

to produce a nearly Gaussian input of uncorrelated samples. They 

are filtered twice in series using RECFIL3, a recursive narrow-band 

filter. The low frequency noise component is obtained with the 

frequency set at to .2 cps and Q ■ f</fif ■ 3.5, and the high fre- 

quency to 2.0 cps, Q " 6. A plot of the power spectral density 

of a sample of the synthetic noise is shown in figure 1. 
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3-        PgRTORMANCE  ANALYSIS   PARAMETER«; 

Th. purpo.« of .pplylng .  .ingU ch«nn«l  Invrw d^ho.tlng 

operator  1. to  MpprMi  the »cho  r«fl,ct#d «t  th« .^rth'.  .urUc«. 

For fl^iwic .iqn.1..   th.  incid^n« .ngl.  1. .pproxi.Mt.ly  IS». 

thu«  th. down-going pul.. could b. «od.!^ with •  r.fl.ction co.f- 

flcnt of 0.9 .nd th. up-going pul.. with . r.fl^tion co^fflci.nt 

of  1.1.     in pr.ctic. how.v.r.   r.flotion co.fficl.nt. gr#.t.r than 

1.0 1..1 to un.fbl. oper.tor..   ^ th.t  .ingl. ch.nn.l ^rhu-uppr...- 
ion  i.  f...ibl. only If w. att^t  to only p.rti.lly r««v.  th. .cho 
In  l«,l.ting th. up-going .nd down-going pul....     m M.iy,lng th# 

p.rfo™.nc. of our ^ho-.uppr...lon  fllt.r..  w. try diff.r.nt  r.fl^t. 
ion co.ffici.nt.  fro« Mro to   .9 .t   int.rv.lc of .pproxl^f ly  .1, 

furth.r w. .«pi. two-w.y .cho tiM.  fro«  .05 to 1.2  ..cond. .t 

int.rv.l. of 0.5 ..cond.. Four «inut. nois. .««pie, „, mt.r.d. 

For ..ch uwmpU .p.cifi^ by th. .rr.y. of .cho timmm and r.fl^rtion 

co.ffici.nt..   th. v.riwc. of th. noi..  i. co«put.d b.for. «,d .ft.r 

applying th. d^ho.tlng op.r.tor.    Th. p.rfomanc. of  th.  filt.r !• 

guag.d   in d.cib.1.  as  10 log   (v.ri.nc. aft.r  fllt.ring/Wianc. 

betor.  filt.ring).     N.gativ. v.lu.a   indict. « auction  in noi.., 

po.itiv. an o^lification  in not., du. to applying th. dagho.ting 
filt.r. 
4-        PRE-FILTERING   AND   DEGHOSTING  MODgT.R 

Thi. analyi. will   d^natrat.  that  th. p.rfomanc. on  ambi.nt 
noi..  i. v.ry ..n.itiv. to th. bandpaa.  filt.r and al.o on th. nua- 

erical mathod ua.d to d.gho.t.    Two diff.r.nt d.gho.ting ».thod..  two 

diff.r.nt  bandpass  filt.r..  and unfilter.d data aak. up a total of 

five cases  to be evaluated by performance array«.    To produce each 

element   in the array *. operate on   four minutes of data:     each array. 
16 hour, of data,   and  for all   fiv. ca....   80 hour, of data.     Th. 

fact that  all of  these p.rformancea   figur.. were computed with  1... 

than 40 minute, of comput.r time attests to speed of th. bandpass 
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•nd dvghosting operator«. 

Th« d^ho.tmq »ethod* mrm  described •« »ethod 1 and nethod II. 

Both «re recursive filters which require only one «litiplicstion 
per dsta point. 

Method I.     Y • X       - R • x 

r»i ♦ j ' * ' Fp(i.l)*j * Y.i+j 
M < Mi < H 
I < j < M-l 

Xr  Is the srrsy of dsts containing  the echo 

R.   reflection coefficient 

rr,  deghosted dsts 

m.   echo-tiew »essured  in nimber of points 
MrMh,     i     XI 

Yr " Xr * ./2  -  *•*  ■  «W, 
r-i ♦  j " R  * p.(i.iHj * ^i ♦  j 

n»e results svslusted for t«o bsnd-psss filters employ gspped 

finite difference Which involves only seversl subtrsctions per data 
point. 
5'   GAPPED FINITE DIFFERENCE FIL'PgR 

The gapped difference operator is given ss I I, o.o. .  o. -k/, 

where k < 1. end the gsp is upeclfled by the nu«b«r of points b«t^en 

1 «nd k.  Here we are given by k - 1.  The «pectru« of the operator 
is given by 

D(f) - i sinC-J-X ) v 2 fo y 

where the frequency of the first peak of the filter is related to 

the number of points in the gsp, L. 

L -  Li i   f 8« ■•» ths aampling rst«. o 
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Not« that MrUa application of D(f) can b« uaed to generate higher 

difference» m 

where n - 1.2.3. ... apecifiea the 2nd difference. 4th difference, 

•tc.Taken aa a filter we obaerve that for n - odd, the »ign of the 

filter ia reveraed. The reaponee of the filter ia 

Dl* '  (f) - (-1)  «in     V 2 fo J 

The gap. L. la deterailneO by aetting the tire*:  peak to the dcaired 

frequency, «ulla occr at integer «ultlplea of twice the frequency 

of the flret peek, end additional peaka occur at frequenclea between 

the null'a.  Suppoae at frequenclea greater than the flrat null In 

the apectru». for exai^le at £-2. the Jlgral and noiae power are 

expected to attenuate rapidly with Increaalng frequency. The.e 

high frequency peaka will In thla caae produce negligible effecta 

In the filtered output. If, however, we wlah to Inaure attenuation 

of high frequency peaka in the noise «pectru» w© »ay apply In aerlea 

with the filter a low paaa emoothlr.j operator ^l. o. o o, ♦kf 

Where k < I. The apectru» of the operator la given by S(f). 

8(f) - coa (■ ; g) 

Repeated application of the aaoothing operator leada to the operater 

S   (f) - coa  v—5—j^; 

where, for exaa^le, fo »ay be taken at the folding frequency. 

for k - I there are no »ultiplicationc in either the a»oothlng 

or difference operator, ao chat the above digital operatora are 

exceedingly feat, for k - I only an approxl»ate inveree can be ob- 

tained. Thea» -»re. in f^ct. ai»ply deghoatlng operatora. ^r k < I. 

exact inveraea can be rotained. The invera. can IK dealgned aa re- 

curaive flltara with n »ultiplicatlone per point where n la the nu»ber 



(n) CU) 
of   series applications of D        or S       • 

S.oothed gapped   finite difference   filters can he described 

spectrally as 

F(£)   - D (f)   S Kt) 

.  ,-x," Sin ^ (^jf- )    ="• 
m ^     TT  f     ^ 

V"~2fT     ' 

The two models evaluated were 

1) Smoothed second difference filter 
n - 1 f - l.l.cps m - 4 f. - 10 cp« 

o * 
2) Smoothed fourth difference filter 

n - 2 fo - 1 1 cps m - 4 f1 " 10-cps 

6.     RESULTS 
Figure on. .ho«, the po«.. .pectru» of th. noi.. «rt. u..d in 

th. «.lu.tion of co^ined bandp.« «lit.» .nd d^ho.tin., operator.. 

T^l, I through T.ble V, for diff.rent v.iue. of th. reflection «- 

«icient end th. echo ti». (.u. of up-hole »d d.-n-hoie »!-».*-• 

the effect of the degho.ting on the noi.e. Table , r. for unfiltered 

a.t., on the other table, the noi.e U bandp... filtered. .« per- 

fon.ance. figure, in decibel, sho. the effect of degho.ting by com- 

paring variance of the filtered noi.e .fter degho.ting to the variance 

Tf filtered noi.e before degho.ting.  Bxa»ination of the performance 

agure. .ho- that both the bandpaa. filt.r and th. ducting ..thoa 

«igniflcntly affect the performance of .ingle channel degho.trng 

operator.. 

ror unfiltered data and echo time, between .2 .ec and 0.35 

.econd.. and greater than 0.6 .eccnd. the a.aumed reflection coeffi- 

cient .hould not exceed 0.75 which i. adequate for removal of 

of the echo. For d.t. prefiltered by .moothed .econd ««•«"« 

operator., the beat performance i. obtained with degho.ting method I. 
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. 

For echo times greater than 0,3 seconda, the reflection coefficient 

should not exceed 0.4 for removal of slightly less than half of the 

echo amplitude. 

For data pretiltered by fourth difference operators, the best 

performance was obtained usinc deghosting method I.  For echo times 

exceeding 0.3 seconds ind less than 0.75 seconds, the reflection 

coefficient should rot exceed 0.2 seconds.  For echo times greater 

than 0.7 5 but less than 0.9 seconds, the reflection coefficient 

should not exceed O.AS;     for echo times equal or greater than 0.9 

seconds the reflection coefficient should not exceed 0.75.  The 

fourth difference filter appears most suited as the bandpass filter. 

Due to deghosting, there will be little if any compromise of the 

expected 9 db gain obtained by applying the bandpass filter.  Any 

residual echo distortion must be removed by multichannel filtering. 

lor  display purposes, an adequate job of deghosting can be 

done on all channels in the absence of bandpass filtering.  Provided 

that the assumed refl Ttion coefficient does not excetd .75, less 

than 1 db total noise amplification is assured. 
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FREQUENCY (cpt) 

Figure  1.     Noise  Power Spectrum 
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II ABSTRACT 

Ai rays of performance values showing the change in additive 
noise variance due to single channel deghosting indicate signifi- 
cant sensitivity to both the deghosting method and band pass 
filtering.  Only part of the echo can be removed feasibly, for 
example, with less than one db increase in the noise, by the 
single channel deghosting filter.  The maximum fraction of the 
echo which can be removed varies greatly with the echo tLne, 
especially if the noise was bana pass filtered. 
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